In the present report, we serially measured the levels of interleukin-6 (IL-6) and some acute-phase proteins (APP) in 61 lung cancer patients undergoing radiotherapy in order to investigate the relationship between the response to the treatment and the changes in parameters of systemic inflammatory response.
INTRODUCTION
Acute-phase proteins (APP)c have been defined as those which plasma concentration increases (positive APP) or decreases (negative APP) by 25 percent or more following tissue injury or infection. Changes in APP are observed in inflammatory and autoimmune diseases as well as in cancer. APPs are mainly synthesized and glycosylated by the liver. Although at present, nine cytokines have been found capable of directly inducing acutephase proteins' production in the liver (i.e., IL-1, IL-6, IL-I 1, TNF [tumor necrosis factor], interferon-gamma, LIF [leukemia inhibitory factor], TGF-beta [transforming growth factor-beta], oncostatin M and CNTF [ciliary neurotrophic factor] [1] [2] [3] [4] ), IL-6 is a major hepatocyte stimulator of APP synthesis [1, 5] .
Interleukin-6 (IL-6) is a potent multifunctional protein. It is produced by many different cell types including T-cells, B-cells, monocytes, fibroblasts, chondrocytes, mesangial cells, glial cells, endothelial cells, keratinocytes and certain tumor cells [1, 6] . However, monocytes/macrophages are predominantly responsible for production. IL-6 is considered to be a cytokine that plays a central role in the host-defense mechanism. The biological activities of IL-6 have been shown to take part in the induction of B-lymphocytes to immunoglobulin synthesis, the activation and differentiation of T-cells and in the activation of megakaryocytes.
Contradictory data have been produced concerning the role of IL-6 in patients with various malignancies. Antitumor capacities of IL-6 were demonstrated in vitro and in vivo in patients with breast cancer, lung cancer and some leukemia [7] [8] [9] . On the other hand, IL-6 supports the growth of myeloma [10] . It has already reported that IL-6 and IL-6-mediated systemic inflammatory response are related to hypermetabolism and cachexia in lung cancer patients [11] . Finally, the elevated serum IL-6 levels are adverse prognostic factor in kidney cancer patients [12] .
In the present report, we serially measured the levels of IL-6 and some APP in lung cancer patients undergoing radiotherapy in order to investigate the relationship between the response to the treatment and the changes in parameters of systemic inflammatory response.
MATERIALS AND METHODS

Patients
Sixty-one fully diagnosed patients with early disease (stage 1 or 2) underwent therapy. Patients with evidence of metastases or concomitant acute infection were excluded from the study. The patients were diagnosed based on the radiological picture, bronchoscope and sputum cytology. The clinical diagnosis was confirmed by histopathology (squamous cell carcinoma) in all patients. All patients were resectable but inoperable for medical reasons (i.e., ischemic heart disease or chronic obstructive airway disease) or unresectable. The patients were treated with curative radiotherapy: 200 cGy/T for five consecutive days for six weeks (total dose: 6000cGy/T). Clinical assessments were performed before treatment, and after three, six, nine and 12 months of the treatment. Serum samples were collected at the time clinical assessments were done, and stored in a freezer (-85°C).
Immunological studies
The IL-6 levels were evaluated using a solid-phase sandwich enzyme-linkedimmuno-sorbent-assay (ELISA). The kits were supplied by BioSource International (USA). An antibody specific for IL-6 had been coated onto the wells. Samples were pipetted into these wells followed by addition of biotinylated second antibody. During the incubation, the antigen (IL-6) binds simultaneously to the capture antibody on one site, and to the solution phase biotinylated antibody on a second site. After removal of excess second antibody, streptavidin-peroxidase was added. After removing all of the unbound enzyme, a substrate solution was added. The intensity of this colored product was directly proportional to the concentration of the antigen (IL-6) present in the original specimen. The lower limit of detection of IL-6 was 5 pg/ml. C-reactive protein (CRP) serum levels were developed using nephelometry methods. Alpha-I acid glycoprotein (AGP) and alpha-I antichymotrypsin (ACT) were measured using rocket immunoelectrophoresis according to Laurell [ 13] . Microheterogeneity of AGP was employed to differentiate elevation of IL-6 and/or CRP induced by acute infection from induced by cancer [14, 15] . It was performed using crossed affinoimmunoelectrophoresis with concanavalin A as a ligand.
Statistical analysis
The Mann-Whitney rank order test was used to evaluate statistical significance. Relationship between variables was examined using Spearman's correlation coefficient for continuous variables.
RESULTS
At the inception of the study the detectable levels of IL-6 were found in majority of lung cancer patients (49 cases, 80 percent). Table 2 shows the findings of IL-6 serum level for individual patients. We did not measure the levels of IL-6 and APP immediately after radiotherapy, because we expected their nonspecific elevation connected with postradiation tissues damage. After three, six nine and 12 months detectable levels were observed in 39 of 41 (95 percent), 34 of 39 (87 percent), 29 of 34 (85 percent) and 39 of 52 (79 percent) patients respectively. Originally elevated values of IL-6 decreased during the observation, however, and we did not find these changes to be statistically significant.
CRP serum levels for individual patient are shown in Table 3 . The levels of CRP, AGP and ACT were found to be elevated as compared to the control group (Table 1) . Twelve months after the curative radiotherapy we did not notice any statistically significant changes in the serum level of APP. However, we established a correlation between IL-6 and CRP at the beginning of the study (r = .638, p < .01) and after 12 months observation (r = .695, p < .01).
For further analysis we divided our patients into two groups depending on the response to the treatment. The first group (referred to as responders) comprised 32 patients with stable disease, partial remission or total remission. Twenty-nine patients with progression of the disease were included to the second group (referred to as non-responders). The second group included six patients who died due to metastases of the cancer during the study. The analysis of the new data showed a decrease in IL-6 serum level ( Figure 1 ) and CRP level (Figure 2 ) in responders but not in non-responders. Retrospective analysis of the data obtained from the patients who died due to lung cancer showed a consequent augmentation of IL-6 and CRP before the patients' death ( Figure 3 ).
DISCUSSION
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In the present study we serially evaluated the serum level of IL-6, CRP, AG and ACT.
IL-6 has been found strongly elevated in lung cancer patients and these data are in accordance with the results of others [1 1, 20, 21] . Moreover, the levels of APP were also significantly elevated. However, the most interesting results were obtained after retrospective analysis of the data of six patients who died during the study period. The levels of IL-6 and CRP increased progressively before the death.
Following the changes in acute-phase response and interleukin-6 serum levels in lung cancer patients, seems to be helpful in prognosis of the disease. Based on these data, we suggest that an elevation in IL-6 and/or CRP level in patients with lung cancer may serve as an adverse prognostic factor. However, it will need further investigation.
